Objective: The implementation of assertive community treatment (ACT) varies widely. To date, the association between model fidelity and effect has not been investigated in Europe. We investigated the association between model fidelity and outcome in the Dutch mental health system.
A CT is a model for care and treatment of patients with the most severe mental illness in the community. 1 Key principles of ACT are: integration of services, low patientstaff ratio, locus of contact in the community, medication management, focus on everyday problems in living, assertive outreach, and time unlimited services. 2 Early research into the effectiveness of ACT, especially regarding reducing the duration of hospital stay, was done in the United States. 3 Later, studies predominantly of United Kingdom provenance showed no effects of ACT, compared with treatment as usual [4] [5] [6] ; likewise a later US study 7 did not prove distinctive benefits for ACT. The Danish OPUS study 8 found positive results of ACT for first-episode psychosis patients. A recent Dutch randomized controlled trial 9 showed that ACT was significantly better in sustaining contact with patients, but not in reducing symptoms and psychiatric hospitalizations. Explanations for the recent modest results are the similarity between ACT and the control groups (care as usual), 10, 11 the lack of ACT model fidelity, 12 and relatively low hospital use. 13, 14 Nevertheless, ACT is widely implemented in the Netherlands, and the Dutch schizophrenia guidelines recommend ACT as the primary service provision for the population of patients with severe mental illness. However, not all ACT teams implement the full ACT model.
ACT model fidelity can be measured using the 28-item DACTS. 15, 16 Studies [17] [18] [19] have shown that model fidelity is associated with better outcomes for patients.However, previous research [17] [18] [19] [20] to examine the association between ACT model fidelity and outcomes was done on a small scale with a limited number of teams, and (or) did not study the importance of specific ACT ingredients.
In our study we examined the association between ACT fidelity, specific ACT ingredients, and patient outcomes in a large cohort of patients from 20 outpatient teams. The premise was that positive outcomes of ACT are at least partly dependent on the degree to which an ACT team faithfully implements the prescribed elements of the model and thus achieves high fidelity.
Method

Design
This was a prospective longitudinal study, conducted between 2005 and 2008, of 20 outpatient teams for patients with severe mental illness, located in different regions of the Netherlands. The teams included in our study made different choices for the implementation of outreaching care for patients with severe mental illness. Adherence to ACT fidelity criteria was not always the aim. In contrast with other countries, such as the United States and Canada, [21] [22] [23] the implementation of the ACT model in the Netherlands was not part of a mental health reform and shift in locus of care from hospital to community. There was no government funding and support. The implementation of ACT was a choice of the mental health organizations, with the mission to improve the situation of the most severely mentally ill patients.
Patients included in our study had to meet 2 of the following inclusion criteria: a period of homelessness during the past year; an average of 6 outpatient contacts per month during the past year; GAF score of 40 or less at time of study entry; or 2 admissions or 50 hospital days in the past year. We selected these criteria because we wanted to include only patients with the most severe mental illness, for whom ACT was originally developed.
Patient Outcome Measures
The outcome measures in our study were: level of functioning, (un)met needs, hospital days, and homeless days. Patients were followed-up for 24 months, with data collection at baseline (T0), 12 months (T1), and 24 months (T2).
Data were collected on: demographics (including age, sex, living situation, marital status, educational history, and ethnicity), diagnosis (Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, as assessed by the psychiatrist of the team), 24 mental and social functioning (HoNOS), 25 need for care (CANSAS), 26 working alliance, 27 societal participation (including employment status), and use of mental health care. The HoNOS is a widely used and valid 12-item observer-rated measure intended to map a patient's mental state and functioning. In our analysis, we used the mean total score of the 12 items, which expresses the total level of functioning. In addition, we analyzed the 4 subscales of the HoNOS: behavioural problems (items 1 to 3), impairment (items 4 and 5), symptomatic problems (items 6 to 8), and social problems (items 9 to 12). The CANSAS is a measure assessing the health and social needs of people with mental health problems. We used the rater-perspective version. For our study, we added 3 items on the 22-item CANSAS, including personal recovery, paid employment, and side effects of medication. In the analysis, we included the total unmet needs and the total met needs regarding the 25 items.
The outcome data were collected by trained mental health care workers. To optimize reliable measures, a central training was given before the T0 assessments; booster sessions were given 1 year later (before T1) and after 2 years (before T2). We used the train-the-trainers method; the 
ACT Model Fidelity
Fidelity to the ACT-model was assessed at baseline and after 2 years with the DACTS, which was translated into Dutch. 28 The DACTS consists of 28 items, each rated on a 5-point scale (1 = not implemented and 5 = fully implemented). A mean score of 4.2 or more is considered high fidelity. 15, 29 In the scale, 3 dimensions are distinguished: team structure, organization structure, and service delivery features. The domain team structure includes caseload size, shared caseload, team meeting, team leader, and staffing (for example, psychiatrist and vocational specialist). The organization domain assesses items as full responsibility for treatment services, responsibility for crisis services, and time unlimited services. The domain service delivery includes in-vivo services, frequency of contact, and individualized substance abuse treatment.
Studies have suggested that the DACTS has adequate internal consistency, acceptable to excellent interrater reliability, and is sensitive to change over time. 16, 30 A central DACTS training for auditors was given at the beginning of our study by a US-trained researcher (The ACT Center of Indiana). All auditors were well acquainted with the ACT model. Two independent auditors visited the teams jointly, but assessed ACT fidelity separately. The fidelity scores were derived from different sources: team meeting observation, interviews with team members, contact with patients, document screening, and patient files, including contact registration data. The final rating was based on consensus, integrating the observations of both assessors.
The auditors were not aware of the outcome ratings of the patients participating in our study.
Statistical Analyses
Analyses were performed using Stata 9.2 (Stata Corporation, College Station, TX). Because the data consisted of multiple measurements clustered in subjects (patients) and teams, the data were analyzed with (3-level) multilevel regression. 31 We used the Stata command xtmixed. The dependent variables in the regression models were the outcome variables: level of functioning (HoNOS total score and the 4 subscales), total unmet needs (proportion unmet needs CANSAS) and total met needs (proportion of met needs CANSAS), the number of hospital days for psychiatric problems, and the number of homeless days. For each parameter (dependent variable) we tested DACTS fidelity (total score), time (coded as 0, 1,and 2) and the interaction Time × Fidelity, hereby correcting for age, ethnicity, and sex. Random effects were modelled for the level parameters fixed for the independent variables. Our main hypothesis is reflected in a significant interaction term: higher fidelity yields more improvement over time. In addition to the total DACTS score, we analyzed the 3 domains of the fidelity scale, as described above.
Results
Patient Characteristics
In total, 530 patients were included. The most common combination of selection criteria was GAF (78% of the patients had a score of 40 or less) and outpatient contact (54% of the patients met the criterion of 6 outpatient contacts per month during the past year).
After 2 years, we had data for 321 patients (61%). Twelve patients died; 4 as a result of suicide. There was no relation between the number of study dropouts (meaning loss to follow-up as the mental health care workers were not able to collect the necessary data in due time) and model fidelity.
We assessed selective study dropouts with independent sample t tests (95% CI) or the nonparametric Mann-Whitney U test. The 2 groups did not differ at baseline on: met needs and the number of hospital days for psychiatric problems (P > 0.05). Our study dropouts had a significantly worse HoNOS total score (t = 2.93, df = 517, P < 0.01), unmet needs (t = 4.72, df = 526, P < 0.001) and number of homeless days (z = -2.12, P = 0.03).
Most of the sample had a diagnosis of schizophrenia (77%) and was male (71%). The average age at baseline was about 42 years (Table 1) .
Model Fidelity
The teams varied from low (2.8) to high (4.1) DACTS fidelity at baseline. One team was near to full implementation (norm score ≥ 4.2). Overall, the teams reached a moderate 
Baseline Associations
At baseline, we found an association between ACT model fidelity and severity of problems. High fidelity was associated with worse scores on HoNOS total score, unmet needs (t = 4.91, df = 517, P < 0.001; t = 4.78, df = 526, P < 0.001; with independent sample t test and 95% CI) and the number of homeless days (z = -7.80, P < 0.001, with 2 sample Mann-Whitney U test). A reversed association was found on met needs (t = 3.07, df = 526, P < 0.01) and the number of hospital days for psychiatric problems (z = 2.69, P < 0.01).
Longitudinal Patient Outcomes
In 
Outcomes by Fidelity Over Time
We found a significant interaction between time and ACT fidelity scores when analyzing HoNOS total outcome scores (β = -0.16, z = -3.09, 95% CI -0.27 to -0.06, P = 0.002).
On the subscales of the HoNOS, fidelity was associated with change in symptomatic problems (β = -0.18, z = -2.24, 95% CI -0.35 to -0.02, P = 0.03) and social problems (β = -0.21, z = -2.67, 95% CI -0.36 to -0.06, P < 0.01).
The subscales behavioural problems (β = -0.11, z = -1.65, 95% CI -0.23 to 0.02, P = 0.09) and impairment showed no associations (β = 0.04, z = 0.57, 95% CI -0.11 to 0.20, P = 0.57). Equally, for the CANSAS: unmet needs (β = 0.01, z = 0.78, 95% CI -0.02 to 0.05, P = 0.43) and met needs (β = -0.02, z = -1.56, 95% CI -0.05 to 0.01, P = 0.12). There was no significant interaction effect between fidelity and time regarding the number of hospitalization days (β = 10.46, z = 1.23, 95% CI -6.16 to 27.07, P = 0.22). High fidelity was associated with the reduction in homeless days (β = -33.21, z = -3.53, 95% CI -51.63 to -14.78, P < 0.001).
In addition to the analysis with the total fidelity score, we used similar regression models for the 3 domains of the fidelity scale (Table 3) . We found significant interactions between time and the domain team structure and decreases for the HoNOS total scores, and HoNOS subscale symptomatic problems. For the organization domain and service delivery features domain, we found no associations.
Discussion
Our study found that ACT model fidelity was associated with patient outcomes. Specifically, we found an association between fidelity and improvements on HoNOS total scores, the subscales symptomatic problems and social problems of the HoNOS, and homeless days.
Previous fidelity-outcome studies, did not find better results for patients in high-fidelity teams on level of functioning. We were able to assess which fidelity domain explains this outcome best. Team structure ingredients were associated with better functioning outcomes on the HoNOS total score and the HoNOS subscale of symptomatic problems. This domain includes items such as shared caseload, daily team meetings, and a team leader who participates in patient care. This is in agreement with Burns et al 14 systematic review and meta-regression of randomized controlled trials. They concluded that team organization (such as shared caseload) is more important than the details of staffing. The distinguishing characteristic of ACT compared with standard care, is that team approach appears to be of great importance. The most solid empirical findings of ACT in outcome studies are: more stable housing, 2,32 reduction of admission days, sustained contact with patients, and treatment satisfaction. 2 With exception for treatment satisfaction, which was not assessed in our study, the results of our study are partly in agreement with former research.
ACT was developed as an alternative for the hospitals 1 ; we found a reduction in homeless days but no reduction of hospital days. Apparently the teams did not focus on reducing admission days but on improving the patient's functioning and well-being. A previous Dutch ACT study 9 did not find (positive) results on the outcome hospitalization. Compared with other countries, the bed rate in the Netherlands remains among the highest in the world. 33 Unlike other countries, 22,34-36 deinstitutionalization has not been a topic of high priority for the Dutch government. The Netherlands can be characterized as a caring society, where marginalization is not accepted. (In)voluntary admission is considered as a positive option that is used to improve the patients' health or to shelter people in need. This may explain why we did not find a reduction of hospital days. The focus on improving the patient's functioning and well-being is reflected in the positive results on level of functioning and homeless days. Sustained contact with patients was not an outcome at patient level. The DACTS criterion of no drop out showed high scores for all the teams. Obviously, keeping patients in care is an important theme for all outpatient teams and is not particularly associated with high ACT model fidelity.
At baseline we found that patients in high-fidelity teams had more unmet needs and also more met needs, but we did not find an association between (un)met needs and fidelity over time. Apparently, an improvement of well-being, as reflected by the HoNOS scores, does not automatically result in less unmet needs.
The strength of our study is its longitudinal design, the large number of teams that were involved, and the broad set of outcome measurements that were used. It uses state-ofthe-art statistical techniques (correcting for the nested data using the multilevel technique) to adequately assess the impact of different levels of ACT fidelity on change over time.
There was a considerable study drop out, which is not surprising as the included patients belong to the most severe patients within mental health services. The patients who dropped out of the study had more problems at baseline than the patients who remained in the study. Nevertheless, study drop out was not related to model fidelity.
At baseline we found an association between ACT model fidelity and severity of problems. Teams with high fidelity showed worse HoNOS and unmet needs at baseline, compared with teams with low fidelity, but the number of admission days for psychiatric problems was less in programs with high fidelity. The concentration of severe patients in their caseload might be a stimulating factor for teams to work according to the ACT model; it is a tool that gives direction and support. It may be that in lowfidelity teams there was a floor effect, meaning that for these teams it was not possible to reduce the problem levels of the patients any further. Importantly, the multilevel analysis modelled with random effects for the nested patients and teams, and controlled for the differences in baseline scores between teams. Therefore, it is unlikely that the higher HoNOS scores and the higher number of homeless days at baseline in the high-fidelity teams explained the association between high DACTS scores and better outcomes during follow-up. If this would have been the case, we would also have expected an association between high fidelity and unmet needs over time, because at baseline these 2 were also associated. However, this was not found.
The data were collected by trained mental health care workers. We attempted to reduce the rating bias by training the care workers repeatedly. The DACTS auditors were not aware of scores on the outcomes measures. Our study was not a randomized controlled trial with an intervention (ACT) and a control group (care as usual), therefore we can assume an association between team-level ACT fidelity and individual outcomes but not a causal relation.
Our inclusion of many outcome variables may have increased the chances of finding significant results, though only 5 tests (HoNOS, [un]met needs, hospital days, and homeless days) were part of our main hypothesis and 2 of these were significant. Therefore the chance of type I error is low. Our important outcomes, the association between total fidelity score and HoNOS and homeless days, are statistically solid. The results remained significant after controlling for possible confounders. Moreover, the P values for HoNOS and homeless days are low enough to withstand the Bonferroni test on the 5 primary outcome measure. Possibly, the results were not caused by specific ingredients of the ACT model, but are a mere consequence of working according to a specific frame of reference. By grounding care innovation in a specific theoretical model, a team creates cohesion, motivation, and enthusiasm. The choice to work according to evidence-based practices is primarily made in teams with higher levels of training and aiming to improve quality. It is possible that these aspecific factors caused the association between fidelity and outcome.
Not all DACTS domains point in the same direction. Therefore, future studies should attempt to further sort out the relation between fidelity aspects and outcome.
Conclusions
ACT model fidelity-specifically team structure-was associated with better outcomes. Several teams did not realize high fidelity and none of the teams achieved full ACT implementation. As this was a naturalistic study, we did not support the teams to reach high ACT fidelity. For the implementation of ACT it is important to have financial support, training and consultation, and fidelity monitoring. Effective leadership and an innovative culture are also crucial factors. 22, 37 The results of our study showed that it may be worthwhile investing all of these efforts to achieve successful implementation.
